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NAVORD Report 40:3

Aeroballistic Research Report ey5

WIND-TUNNEL INVESTIGATION OF VARIOUS CONFiGURATIONAL
MODIPICtTIONS O THE L.J'W-DRAG BOMB

Prepared by:

Prod J. DeMeritte
Harry Gauzza -,

t the resu,'.-'" axi Inveesigation
in the NOL 4C x 41' cm Aeroballistlca b nn4: No. 1 to study the
static stability and drag of the low-drag ... rmb at subso;,1c and

".supersonic speeds. The foilowirg uests were made:

(a) Xtudy of configurstJotal charges designed to &educe
the yaw of the bomb,

*(b) ýrag 4Y the 25O-rvund bomb with &;upporting lugs (W.=81
bomb),3"

(c) Atability of an 8-fin bomb with reduced fin span to
improve the ground clearance problem.

U. S. NAVA. ORDNANCE LABORATORY

WHITE OAK, MAM'YLAND

i



CC.'VT DENrIAL

NAVCRD ;Aport 4053 22 Ju.L, 9i58

Th.'s !-estlgation was perforw..ad at the request ot the Bureau
of Ordnance (reference (a)) under Task Number A3d-453-1-5u.
The report covers recent wind-tunnel tests In the NOL 40 x 40 cm
Aeroballtatics Tunnel No. 1. Additional work has been done in
the NCA ftring rangeo, th.e Naticnal Bureau of Standards wind-
tunnel. and the Cornell transon!C wind-tunnel under the direct•on
of the NwOL staff.

Prevlv,.s NOL rop•crts on the aerodynamics of the low-drag series
can te found .'n t-.fere:,.res (b) thiugh (f).

MELL A. PETERSON
COatjin, USN
Ccnmander

R. KENNETH LOBW
By direction
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WIND TUNNEL INVESTIOATION C? VARIuU-6 CONFIGURIATIONAL
MLD;FIC;.T:(NS CP THE LOW-D.FA, BOMB

I NTORDCTION

1. Thls rep-rt describes Invest.gat .ons carried vut ..L
d srles " 1,-w-dr.Lg b,.mbs of the U. S. Navy, In the wind-
tunnels at the Naval Ordnance Laburatory. These bombs have
a snape dvelopod by Douglas Aircraft. The four low-drag
bombs of this series are the 250 pound bomb, Mk 81; the
500 pound bomb, Mk 82; the 1000 pound bomb, Mk 83; and the
2000 pound bomb, 1%c 814.

2. The tests made inve'ved:

a. An investigation of the configurational changes
to reduce the Irtuced yawing 1onnt and rolling mnomnt of
the bomb and imxpr-ve the dyna-is characte.-Istics.

b. Drag of the 250 oound bomb with suspension lugs.

c. Invest*_-ation of the stabllity of configuration
w~th fin span ec.'al to the maximu body diameter.

3. The low-draC to-ib with two-degree fin cant is believed
to be one of the "est bombs develope.4 . T'1e erratic flight
mentioned in this re;*rt applies to .- "y , small percentage
of the bombs drc.,pod.

Symbolis

A area ,&Xzlm-a) of the body (sq. In.)
C.rC. center of gravity (42.5 per cent length from

the nose)
CDo drag ecifficient at zero angle of attack (FD)

CD drag coefficient (?D) q-x

CN normal force coefficient (?AN)

Cy side force ooefficient

"0 rolling moment coefficient (•)

C t yawine mosent cooff1cient

qAd

CONPI DENTIAL
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C; €pitci~ng rr mer.t coefficlent ((MG_) referred to

C.. qAd
:d model d:&neter In4•• .•

SFD I.-I ( lb)
F1,; z~occmal fo-.rce (lb)

P. s:d,-* force (0b)
model lergth (see model sketches)
.ptc.nirg moment (IrVnlb)

M yawr n moment (In/ilb)
"• r'L':g momen-t lir/ib)

q dynamc: pressu:n (psi) see Table 1
A:e Reynolds number (based on model length)

(see Table I)
ag.'.e uf atzack (deg.)

DiscuJ3In

4. -.".e 3tudy of configuratiornal changes of the low-drag
bomb was a resul: of recurrinl indications of ;nsLdoIllty of
ItLe bomb duarln drorps. I
,. Early In the drop tests of the bombs It became obvious

.hat the bomb was yawir.ng badly. It appeared probable that the
pitch freque:.cy and the roll frequency were becoming equal
it ab3L' -,r.e 3ce,:e r ,ue.dn and that tne bomb wda- l;cklng
int. resoo.ance. 'r.tially the ftn cant was zero degree with
.1 vta::ufactur.:4g t, lerat.ce ,.f . degree. Calculati4;n
.hwed that accideital f1r, cant within this tolerauce could

produce surftclent roll to cause resonance. Hence it w-ac
"eP.'ded to car:t the fit, two degrees and thus produce a roll
... ctch would Le t,,o large to result Ln resonance. This a ,nge
.p•eared to -u.. the trouble with the low-drag bombs.

u. Several years later, however, d,-Igr dive-bombirg teets,
large yaw eaza!•eared ,r. a few of the drops. Figures 26 and
2.' present tne yaw hi3tory of a drop made at Chincoteagun,
VIrgIn.'a. The figures show the oomuw be&InnIrg to damp then
undamý a::d later damp aa;hn. The Key to the problem appears
to Ue the ril-iocx-ln. The z'vll history shows that the roll
ra'.e of the tomb Increaie3 from zero to about one cycle per
seco:.d, thiet "locks it." and the bomb continues to roll unltovaL1y.
Whle rwlilti: at th"s rate the bomb is Ira A rzajorance condi.tion.
The yaw .r.creaies ur.tl a lirge a',gle la reached. Wid-tunnel
tests at the Natlonai Bureau if 3•tandardz ahow that large roll-
jr4; moments are Crejet,:t at large angles of attack. These large



CO'ý 7 DENTI AL
NAVO•?D >-port LL05 3

moments cause increase in rcll rate, breaking out of resonance,.
and 7.n approach to a steady state rolltrng frequency of 7 to IC
cycles per second. While the .-oll rate is ±n.qira the yawI decreases raoldly ard the bomb falls sattsfactarily.

j 7. The condition for roll-lock-in Is

3

L 4 L 0

where;

L Rolllng moment due to fin cant

L Roll damping moment

:nduced rollir; moment

Winr-tunnel teats show that the induced rolling moment causes
the roll-lock-Ln. Possible cures for roll-lock-in appear to
e r.. reduce the induced rolling moment

b. Inorease the fin span

i When roll-lock-.n occurs, tho low drag bomb experiences whatIs known as "Catastrophic Mrowth r- Yaw" at resornane due to
yawing moment. To cure thi,:

a. reduce yawing moment
Sb. Increase fin span
co Increase damping moment

* d. reduce rutation arm

Wen it was first learned that the bomb was yawing badly,
studies were made to determine if the trouble was rescnance
or Mag;zus instability. Calculation of the damping rate of
thi pre;se3ional and nutational arms showed that the present
bomb was prooably not experiencing Magnus instabllity)but If* the steady state rolling velocity was increased by more ftn
cant, Magnus instability could occur. Therefore, Increasing
fin cant In hopes of preventing "leck-.In" did not appearfeasibli. Since the bomb experlenc22 difficulty at large
angles of attack, two methods appeared promising in preventing
the er-atic flight. One method was to increase the fin spanand chord to increase the pitch daaping and tne other method
was to investigate fin shape$ which have low induced rolling
moments and low yawlig nmemnts.

3('7 NF I DEN 'I AL
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"nduced Koll Frog.ar. t.id Lvrge Fin Program

"T'. e Cc ', w¼ . f',u2at r,,z w.re :'epo:'ted ;r, this
test p.-C;am. "rx': &.. uratloi;s are :'eported In, references
e d, d f.

Ad tas;. I.cA-dr.'•g bc:b (no fin caz.t) Figures 1,242) ' der-ee r-n cant Figure 2
l.0u, d span tall Flgure 4

(d) 2.Q, d span tall Figures 5,6
ýe? large ncsc vares Figures 7,9
kf) 3mai! nose vanes F1igures d,9
(•) i.to d a span (tall moved rearward Figures 3,4

20.2.2_3 Inches)16,) end plate Figures 13,17
•) box shroud Figures 15,11

dJ) 1/2 box shroud Figures lb,Il
k K) porous box 3hroud Figures 14,17
kl) o fin model Fgu-res 12,17
(m) long chord (1.4 d span and chord Figures 10,11

of 2.U5 d span model)
(ri) body alone Figure 18

9. The conf.gurations were all tested at a Mach number of 0.91 oru.95 a ra.n roIl orlentatlon cf 22.5 deg:ees. In addition
some configurations were tested at fin orientations of zero
.4- -. and 4ý dogrees and at Yach numbers of C.80 and 1.57 or
1.58. FPIures ul, u2, and 03 show, In barograph form, a com-
parlson of the various configurations. It should be pointed
out tnat the nose vanes were placed in such a position, due to
model zoniLLUctlon, that ; loss of stabtlity resulted. If the
raries had been placed on the center of gravity or aft of the
centtr vf gravity this would nut have occurred. The porous box
shroud was selected as a configuration because it was believed
tnat the solid box shroud would be unstable at transonic and
supersonic Mach numbers. However, tne solid box snroud con-
'iguration was stable at the Mach numbers tes.ed. Photographs
arid scetches of all tne models are snown in Figures 1 through 18.
Flgu.-:s 4-o tnrough 55 are plot of nurnal force, •itching
moment, rolling moment., side force arnd yawing momer,; versus
angle of attacx.

10. The effects or the 1,.ducel rvJl.Ang moment. were Investi-
gated by free-spin tests at the batlonal Buareau .,f Standards
on a numuer uf modifications '• t.ne fl..s such as twLst, tangent,
sweep and at t:e Nav.iL o:,dna:.ce LatoLa*ury usitg configurations
whicn are altered --,;ve r:&a.ca.Ly (ref. fr.

4

C '!PTDFNTIAL



C-NF DEN!TALj ,NAVC:;D .,epo:-• •'>

Reduced Fin Span Program

.I- ? ;. t.aseen some. nr."eres'. In reducin.; the frn span
vf" tne ... :' bomb. This would aid the ground and air-

lanr.e cle.rance proolens. Tests were made (reference (d))
of an. eignt-fln !ýomb wi t h a fin span of wne diameLei-. The
CTrJX.gurat-orn was un3table. Later ar. attempt was radc to
stan'llze the configurat.on using one-half and oze-dlameter
cncr-d Snrouds. Photographs and aketches of the configurations
are shown to Figures 1) through 22. The shrcuds stabilized
:he bomb at the supersonic speeda but at the transonic speeds
the bomb was still unstable. Fig-res 56 and 57 show the data
obtained for these c:oriflgurationa.

Effect of Lugs Program

12. Tests were made of the Mk 81 (250 pound bomb) with
mounting lugs. The stability datca for the lug configuration
are shown In Figures 58 and 59. Note that this lug seems t.'
cause a very slight change In trim as would be expected. The
drag coefficient was greatly increased as can be seen in
Figure uO. The drag coefficient with lugs compared favorably
with free-flight drop data obtained informally from the Bureau
of Ordnance. Photographs and sketches of this configuration
are shown In Figures 23 and 24.

Models, Balances, and Data Peduction

13. All the models and balances were designed and manufactured
by the Naval Ordnance Laboratory. The models were manufactured
of steel and are shown In photographs and sketches in rigures
I through 24. The data were obtained uslrig a)six-component
strain-gage balance (5-16) (see reference(g)

14. The data were recorded. usir the automatic data recording
system explained in reference (h), "T1m raw data are recorded
into IBM cards and the data are then reduced to coefficient
form by IBM machines using the data reduction equatiorns given
.n reference (I).

13. Test conditions are glven in Table 1. All angles of
attack were corrected for the static ceflectlon of the *.ala:nce
sting due to the aerodynamic loads. An index of the plotted
data is presented in Table 2. The NOL sign convention is
shown in Figure 25.

5
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Fiur-s;nd 63 s.,ow t", etffct of -;rn& AurationA-,9! -n t!-e *it,-n~nv mr--nt, yawllng momrent, m ind nuceid:c~ :. ~.c-'-~ '.!a nri umboar of aiT-roxim itely ,.o and
ionrrm~e I , heý configurations' with large increases

~n I>*.m~m~t arg .. c~esosin the inouced r-ollin~g
~1Q~r~ :. ',~iir.':~.cxnant ire corkriguratIons %.nich should-- rf r:7 z: . t!. I 2tv thian 6h asi~z low drag bomb.

'. :.c . t Is irtend-,d iss a rrogress refort on th.eworn, ,One )n ~ o-~'~bomb in 'the N01. wind turn-nis. TorkisCn :Lt Ir, u~ ~ t.o-.I CL :.' .. u"Iei k~ti tile liz.-uued rli
r.~nt rtZem Z~tec. . bengmaae by N-.L rersonnpi at

;~ lonl.Burauof Stazioards to stucly the induced rolLing
LOV-nt- ;Anua t 'ornpil Apronaulical Laboratory to de!tr:.AnetI.- Itransoni-' aproaynamics Of tr% Ibxisting Loob, and firingsboi-.ig mado in :t'. :,OL firing range to obtain more in-for-

t I~ lo0-h-rag bcb..
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TA1ThE 2
FIN F*Of>TA;A

-'4~~Y _____CH NO. FIG. No.

-zy ~1 *C.8 28, 29
,?-sic 0.8 28,9 29

20 'ra i n ,nrc.8 28, 297
20 fin _:nt 062,2
20 fCn M.. 0.8 28, 29

?0 rn -.int o.~ .8 03
2 0 fncant 150. 0, 31

U .R~7 d s~an 0 C.8 32, 33
I.L'27i d Sran 22 .5 .032, 23

Ea0:". 8 32, 33

2 2.".5 0.95 34. 3f. 22. .9 1, 35
* !arge chcrd 22.5 0. -91 3'., 35

Easic 22.5 0.95 34t, 35
* 1.t7R d sr~an 22.5 C-95 36, 37

1.'U7/R d ::-an 22G .91 3,3
2 d sper 22509 36, 37

22. C9. 36. 37

Porous box shrcud 22.;, 0.91 38,9 39Solid box shrouc 27.) 0.91 38, 391/2 :ox shroud 22.5 0.91 38, 39Bas ic 250.'?5 ?8,1 39
Fnd ;lAtp 22-.5 0.91 41C, '1+

iavpvan@ 22 .: 0.95 1+0, '.1
6mall vAne 2,-.5 o.95 40', '1+
Ea7,ic 22.5 0.95 0'0, '.1

End .lbte C 0.91 .29 '-3
Lasic C 0.91 4.29 '31.tiL7 d zrain 0 0.91 4.2,

Lavp*.ri0 1+ '2, L- 3
Small va, r.e C C.95 144w 45
Large vane 0 C-95 " 4 3+5

CCNF~IV?~ TrIAL
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rAnLF .2 (Contd)
Tu PLOTTFD DATA

"FIN COIFNTATION
C. ,N OF ~h Fl S MACH NO, FIG. NO

6 Fin C 0.95 1+6, 1+7t Fin 15 0.95 46, 47basic 0 0.91 4 6, 47
1/2 5oX shroud 00 0.91 I48, 1+9Porous Eox shroud 4'5 0.91 48, 49Solid BOx shroud 45 0.91 4+3 h9
ba sl O."b, c'.
t Fin C 1.58 50 51-,0 cant 

1.58 50, 51Body alone 
1.58 50, 51

pasI ca 22.. 1.57 52, 320 cant d12.s n.58 •2, -53
l-U7R d scan 22.5 1.)7 52, 53Porous Box 22.5 1.57 52, 53Solid Zox 22.5 1.57 52, 23
Fnd Pl1'e 22.5 1.57 5%, 55Basic -+22.5 •.7 5, 55C Fin 15 1.58 , 55Small vane 22?,i 1.8 2., 55

ree vane . 22.5 1.58 51+, 55
5 Fin, full shr'oud C C.94 568 Fin, hAlf shroud ,1) C.93 563 Fin 0 C.35 56.Fin C 0.91 565
8 Fin, full shroud 0 1.58 57J 'in, half .f;hrcud 0 1.58 IFin 0 1.58 57.Fin 0 1.58 57
2500 EF8mb with Lug 0 0091+ Sd250m Eomt 'ith:ut jug 0 0.994 58
2504 Eomt with Lug 0 1.58 592500 bomb without Lug 0 1.5d 59
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